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© Industrial expert system. 



© An industrial expert systenn for use in designing 
a plant system or devices thereof and in fault detec- 
tion, comprises a knowledge base (10) including a 
rules-section (12) for describing deductive inference 
rules, an expressions-section (13) for describing a 
calculation formula of equality with either a right side 
or left side being a simple term having a value and 
the other side being polynomial including known 
functions and an attributes-section (11) for declaring 
nature and value of each of attributes cited in cal- 
culation and inference and for declaring param.eters 
for controlling communicaiton between a process of 
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deductive inference and a calculation process ac- 
cording to calculation formula and a deductive infer- 
ence engine for performing a deductive inference on 
the basis of the rules, calculation formulae and the 
attributes stored in the knowledge base. This system 
uses a simple construction ot efficiently perform 
detection of fault logic by using specific formula or 
calculation of parameters representing features of a 
fault which are to be performed during an inference 
and which are impossible by conventicr=al inference 
engine. 
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INDUSTRIAL EXPERT SYSTEM 



FIELD OF THE INVENTION 



The present invention relates to an industrial 
expert system for use in design/plan and/or fault 
detection in plant facilities. 

BACKGROUND OF THE INVENTION 



Inference engines of conventional expert sys- 
tem consist of a frame and production rules. The 
term "frame" means here a mechanism for chain- 
ing a kind of data base defining mutual relations 
between attributes concerning facts or observa- 
tions, etc., or describing definitions, etc., of values 
of such attributes, and "production rules" means a 
mechanism for chaining deductive inferences. 

Deductive inference is independent from infer- 
ence engines known as knowledge bases and is 
performed by citing a list of knowledge for infer- 
ence "if A, then B". that is. rules. 

Rules can be described such as follows: 

a) If "hot", then "possibly fever". 

b) If "temperature > 38 * C then "possibly 
fever". 

There are two rules, one being to decide the 
truth or falsehood of a conclusion according to truth 
or falsehood of establishment of phenomenon in a 
conditional portion such as in example a), and the 
other being to decide truth or falsehood of a con- 
clusion according to whether a value of phenom- 
enon cited in the conditional portion exceeds a 
certain fixed threshold value, such as in example 
b). 

Inference is performed by tracing, syllogisti- 
caily, in other words, in chain, rules in knowledge 
base listing rules. In this case, a rule is described 
so that a final conclusion of a given problem is 
obtained at the end of inference chain. 

On the other hand, it is difficult to consider 
that, in design planning or fault detection for a 
plant, all processes up to a final conclution are 
necessarily expressed by rules or frames. 

That is, for design and planning, an index re- 
presenting amount of some merit or some risk for a 
condition which is to be cited in a following infer- 
ence, e.g., a Y/hole or a portion of design or plan, is 
calculated frequently by citing some simple evalu- 
ation formulae in a chain and dependent upon the 
"crtent of the intermediate conclusion. 

For fault detecticn. in order to creek the pos- 
sibility of such a fault, according :o intermediate 
s-ooosition of a fault v/hich Is ootainea from a 



result of observation or investigation, specific for- 
mulae are frequently used in a chain together with 
data such as observation/investigation data and 
specification/design data to confirm whether or not 
5 it satisfies a formula describing it phenomenally, or 
to calculate parameters representing a feature of 
the fault. 

However, it is difficult to realize a process in 
which the execution of a deductive inference chain 

10 is interrupted and a calculation is performed by 
citing specific formula in a chain, by means of a 
conventional inference engine. In order to execute 
this despite such difficulty, process must temporar- 
ily leave from inference engine described by a 

75 language such as LISP. etc.. and an operation 
process mechanism described by a language such 
as FORTRAN, etc., (i.e. . language different from 
inference language) must be driven. This leads to 
an increase in the processing time and a com- 

20 plicated mechanism, resulting in that a system 
whose comprehensive utility is low must be pro- 
duced. 

If it is considered that the feature of expert 
system is to cause knowledge in a knowledge base 
25 and which is an object of inference to be realized, 
knowledge represented by calculation formula can- 
not be actualized like program of exsisting lan- 
guage such as FORTRAN even by an expert sys- 
tem capable of calculating in some way. since 
30 there is no recognition that for conventional knowl- 
edge base calculation formula do not express an 
engineer's knowledge even if a conventional knowl- 
edge base actualizes inference knowledge, or since 
it is ignored that calculation formula have actual 
35 meanings and meanings on technical evaluation. 

Though calculation formula include the relevant 
technical content, there is a limit of accuracy of 
mathematical expression of technical contents due 
to the accuracy of modelling. Accuracy of math- 
40 ematical expression determines the accuracy of 
calculation result according to formula currently 
concerned as well as the accuracy of the constants 
and variables used therein. 

Though every formula has an accuracy of 
45 mathematical expression dependent upon ihe prob- 
lem to be handled' thereby, conventional expert 
systems have no function for describing this accu- 
racy and evaluating the accuracy of the calculation 
results by using the descnption. 
50 Considering the technical meaning of math- 

ematical formula and the description or knowledge 
expressed by t^^.e formula, units of consiants and 
varlaoles used in the formula must be aitacned as 
Kncv.'iedge since vatues of constants and variables 
^attribute vaiuei themselves differ r/ith different 
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units. However, this is not actualized in a conven- 
tional system. 

For such constants and variables, an expert in 
the technical field concerned has "typical values" 
as his knowledge. This is actualized In the conven- 
tional system as default values. Moreover, there is 
an "existing range" of such constants and variables 
that is the expert's knowledge in the field. That is. 
the expert has his knowledge about such "existing 
range" on which, when a value outside {his range 
is obtained, he can decide the value as being from 
"erroneous measurement" or "erroneous calcula- 
tion". 

However, the conventional system does not 
realize this. That is, a conventional calculation sys- 
tem including expert system is not capable of 
expressing the background technical knowledge of 
such calculation formula, knowledge of accuracy of 
mathematical expression in the formula and knowl- 
edge such as "unit" of constant and variable and 
"existing ranges of value" inherent to the formula. 

These lead to problems of a lack of capability 
of knowledge expression of the knowledge base, a 
lack of function of expert system functioning with 
the knowledge base and a limited expansion range 
of adaptation thereof and actual application thereof. 

SUMMARY OF THE INVENTION 



An object of the present invention is to provide 
an industrial expert system capable of performing, 
efficiently and with a simple mechanism, a calcula- 
tion of index according to an evaluation formula 
during rule-based inference of plant aesign and 
planning, detection of existence of fault logic ac- 
cording to a specific formula during rule-based 
inference of fault detection and calculation of pa- 
rameters representing feature of fault, etc.. which 
are hardly processed by the inference engines of 
conventional expert systems. 

Other objects of the present invention is to 
improve the description capability of a knowledge 
base, to facilitate obtaining of knowledge and to 
improve adaptation, adaptation range and inference 
capability of the expert system by making descrip- 
tion form of listed calculation formula of calculation 
formula describing portions of knowledge base, 
which is an object of a calculation mechanism of 
formula according to the present invention, this 
form being as close to "storage form of expert" or 
"description form on technical material expert usu- 
ally 'jses" as possible in the same sense that a 
--ule description is made as close to 5/pert knowl- 
eage as possible. 

A further object of -he present ;n7ention is to 
further improve the description capabiiily of the 



knowledge base by handling expression of knowl- 
edge of expression accuracy of mathematical for- 
mula and knowledge of "unit" of constant and 
variable and "existing range of value" thereof to 
5 thereby further improve capability of expert sys- 
tem. 

According to the present invention, these ob- 
jects are achieved by a provision of an industrial 
expert system for use in designing a plant and in 
10 detecting fault thereof which is characterized by 
comprising a knowledge base including a rutes- 
section describing rule of deductive inference, an 
expressions-section having a value corresponding 
to a calculation result of a simple term correspond- 
;5 ing to either a right. side or left side of a calculation 
equality and describing the other side as a polyno- 
mial including a known function and an attributes- 
section declaring various natures and values of 
attributes used in inference and calculations and 
20 declaring control parameters moving between a 
deductive inference process and calculation pro- 
cess according to calculation formulae, and a de- 
ductive inference engine for pedorming deductive 
inference on the basis of the rules stored in the 
25 knowledge base, calculation formula and attributes. 

According to the expert system constructed in 
this manner, deductive inference is performed by 
the deductive inference engine on the basis of the 
rule stored in the knowledge base, the calculation 
30 formula and the attributes. Therefore, the detection 
of fault logic by means of specific formula and the 
calculation of parameters representing the fault 
during inference, and which cannot be processed 
by a conventional inference engine, can be pro- 
35 cessed efficiently and with a simple mechanism. 

The expressions-section takes in the form of a 
list of calculation formula with formula numbers. 
The calculation formula takes in the form of equal- 
ity and either the left side or right side thereof is a 
40 result of calculation in the form of a simple term. 
The other side describes an operation formula for 
obtaining the result. The operation formula is a 
general polinomial and may include operational 
symbols such as addition, subtraction, multiplica- 
45 tion. division and exponential, parenthesis and 
known functions such as sine and cosine, etc. 
Therefore, ihe description of an operational formula 
takes a general form which can be described even 
by a person who has no knowledge of a computer. 
50 For simplicity of description, the calculation 

result is placed on the right side of a formula and 
an operaticnal term is placed on the left side. 

55 BRIEF DESCRIPTION OF THE DRAWING 



In the accompanying drawings: 
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Fig. 1 is a block diagram of an expert system 
according to the present invention 
Rgs. 2A, 2B and 2C are flow charts for explana- 
tion of an operation of the system shown in Fig. 
1; 

Fig. 3 is a block diagram showing a knowledge 
base used in a forward calculation mechanism 
according to the present invention; 
Rg. 4 Is a diagram showing a conversion engine 
for converting mathematical formula into math- 
ematical formula described by inference lan- 
guage; 

Rg. 5 is a block diagram showing a knowledge 
base used in a backward calculation mecha- 
nism; 

Fig. 6 is a diagram showing example of attribute 
and description of accuracy of calculation for- 
mula; and 

Rg. 7 is a diagram showing the definition of 
evaluation function for evaluating accuracy of 
calculation result and concrete examples of en- 
ergization of this function. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



Fig. 1 shows an embodiment of an expert 
system according to the present invention. The 
expert system according to this embodiment com- 
prises a knowledge base 10 including an attributes- 
section 11. a rules-section 12 and an expressions- 
section 13 and an inference engine 20 including a 
forward/backward deductive inference engine 21. a 
forward calculation mechanism 22 and a backward 
calculation mechanism 23. The inference engine 20 
further includes a key board 30 for inputting data 
values, an inference start switch 31, a display con- 
troller 32, a display 33, a printer controller 34 and a 
printer 35. An input address bus 41 , and input data 
bus 42, an output address bus 43 and an output 
data bus 44 are also provided for the transfer of 
data between these devices and engines. 

The knowledge base 10 comprises a data base 
composed of memories such as RAMs ana/or 
ROMs, the attributes-section 1 1 stores names and 
types of attributes, the rules-section 12 stores ruies 
of deductive inference and the expression-section 
13 stores forward/backward calculation formulae. 

An operation of the system shown in Fig. 1 //ill 
be described v/ith reference to flow charts shown m 
Fig. 2A, 28 and 2C. When an operator depresses 
• he inference switch 31. the deductive inference 
engine 21 is activated (Step S1). The inference 
engine 21 accesses, first, the ru!es-5ec*:on 12 of 
'te knov/ledge base lO. The ccnisnt '.hereof .s 
■ ransferred through the input address bus 41 and 



the input data bus 42 to the memory portion of the 
inference engine 21 and in accordance with upon 
the content transferred, a forward/backward infer- 
ence is executed by the inference engine 21 ac- 

5 cording to a known algolism (Step 82). At this time, 
upon demand, the inference engine 21 accesses 
the key board 30 to take data inputted thereto 
through the address bus 42 and the data bus 41 
into the inference engine 21 , 

10 When a forward calculation becomes neces- 

sary in the course of the inference process, an 
instruction flag for forward calculation activation is 
provided to activate the forward calculation mecha- 
nism 22 (Step S3-S7). Upon activation of the for- 

75 ward calculation mechanism 22 (Step S70). the 
expressions-section 13 of the knowledge base 10 
is first accessed. Then, a content (number of for- 
mula) of the expressions-section 13 is transferred 
to the memory portion of the calculation mecha- 

20 nism 22, which may comprise RAMs. Thereafter, 
the calculation mechanism 22 loads a formula hav- 
ing a formula number corresponding to the formula 
number transferred from the inference engine 21 to 
a working register for storing formula te.mporariiy 

25 (Step S71). Then, a left side of that formula is 
loaded to a working register for temporarily storing 
a content of left side. Thereafter, attributes con- 
tained in the left side are picked up one by one 
and the attributes-section 11 is accessed for each 

30 of the attributes to check the values of the register 
in the memory of the attributes-section 1 1 showing 
whether or not a value of each attribute is deter- 
mined by keyboard input. If the register value is a 
value indicating input from keyboard 30, then the 

35 calculation mechanism 22 accesses to the key- 
board 30 to take the value input, from the keyboard 
30 and sets the value as a value of that attribute 
(Step S72). 

When all of the attributes are contained in the 

40 left side in this manner, the calculation mechanism 
22 drives an operation mechanism contained in 
itself to obtain a calculation result and sets the 
latter as a value of attribute of the right side (Step 
S73). Thus, the processing of the fonft^ard calcula- 

45 tion mechanism for one formula is completed. 

It is then checked by loading formula in the 
temporal formula storing register one by one 
whether or not there is any other formula whose 
right side contains the same attribute name as that 

50 whose value is determined for one formula. If there 
is. the forward calculation is executed for that for- 
mula (Step S8 and S7). if not, the forward calcula- 
tion process is terminated and the forward calcula- 
tion activation flag is dropped and the operation 

55 returns to processing in the deductive inference 
engine 21 (Step S3 and S2)- 

Attributes whose values are determined by this 
chain of forward calculation are cited again in a 
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process for introducing values of attributes in the 
conditional portion of the rule for which the process 
is included in a subsequent deductive inference 
process, to decide whether or not the conditional 
portion of rule is established and whether or not the 
rule is established. When a backward calculation 
becomes necessary during the inference process, 
an instruction flag for activation of backward cal- 
culation is provided to activate the backward cal- 
culation mechanism 23 (Step S3 and S9). 

The necessity of backward calculation occurs 
for obtaining a value of a calculation fomula when 
the rule conditional portion includes an unknown 
attribute which is declared according to the defini- 
tion of the attribute declaration section as that "to 
be obtained' from calculation result". 

When the backward calculation is activated 
(Step S90), all of the formulae in the expressions- 
section 13 are loaded in the RAM of the calculation 
mechanism 23 (Step S91). Then, each of the for- 
mula is loaded in the working register for tem- 
porary formula storage and when any formula 
whose right side is the same as the attribute name 
transferred from the conditional portion of the infer- 
ence engine is found, a left side of that formula is 
loaded into the working register for temporary left 
side content storage (Step 892). If there is any 
arrtibute in the attributes contained in the left side 
whose attribute value is unknown, it is input from 
the keyboard 30 to determine the attribute value 
(Step S93). 

After values of all attributes contained in the 
left side, the backward calculation flag is dropped 
and the operation is returned to the processing of 
the Step S53. 

After the processing in the inference engine 20 
is completed, it goes to an auxiliary routine. The 
auxiliary routine includes a displaying on routine 
the display 33 and a printer output routine for the 
printer 35. 

The operations of the attributes-section 11, the 
rules-section 12. the expressions-section 13, the 
deductive inference engine 21 . the forward calcula- 
tion mechanism 22 and the backward calculation 
mechanism 23 will be described in more detail with 
reference to a case where an electric insulation is 
diagnosed on a basis of an insulating resister value 
of an electric machine. 

Fig. 3 shows an activation of forward calcula- 
tion, a chain of forward calculations and a citation 
of calculation result in the rule. 

The forward calculation accoroing to calculation 
'ormula will be described with reference to Fig. 3. 
Fig. 3 shows an example of description of the 
knowledge base 10 which includes, in addition to 
:^.e attributes-section n and the rules-section 12. 
.ne expressicns-section 13 which is indepenaent 
:rom them. With the latter section, it becomes 



possible to provide in the inference engine 20 a 
"chained calculation mechanism according to cal- 
culation formula" independently from the mecha- 
nism for chaining rules. 
5 The operation will be described along an infer- 

ence process performed by the inference engine 
20. 

It is assumed that, before the operation 
reaches the shown rule, it is confirmed that the 
70 insulating resistance tends to decrease with time. 

In the rules-section 12, the conditional portion 
('MF" portion) of RULE { N} : MOTOR- 
INSULATION-RESISTANCE-IS-DECREASING be- 
comes "truth" and the conclusion portion ("THEN** 
;5 portion) or the RULE { N} is activated. 

Although the activation of the conclusion por- 
tion in the conventional system is 

1) to make calculation hypothesis described in 
the conclusion portion "truth". 
20 2) to output message by WRITE and 

3) to terminate inference by STOP. etc.. the 
activation in the present system is to enter into 
a "mechanism for chaining calculations of cal- 
culation formula" in the deductive inference en- 
25 gine 21 by describing function activating chain- 
ing of calculations according to formula in the 
expressions-section 13. 
In the forward calculation, the number of for- 
mula which is calculated first has to be assigned. 
30 Therefore, as an argument of the forward calcula- 
tion activating function "CHECK". "EXPR-I" 
(expression-l) is assigned. 

When the expression which is first calculated in 
the forward calculation is assigned, the forward 
35 calculation mechanism 22 determines a value at- 
tribute contained in the right side of the calculation 
formula. The determination of the attribute value 
refers the attributes-section 1 1 similarly to the con- 
ventional inference engine to check whether the 
40 type of that attribute, i.e., the attribute value, is 
determined from a user input or from an inference 
or from a calculation result of the calculation for- 
mula. 

In Fig. 3, the attribute type is described in a 
45 third column of the respective attribute iist of the 
attributes-section n as "INFERRED". "USER" or 
"CALCULATED". 

In the expressions-section 13, the attnbute 
RATED- VOLTAGE. MOTOR-KW cited in the left 
50 side of the EXPR-1 has the attribute type "USER". 
Therefore, the value is determined by user input. 

With the attribute value of the left side of the 
EXPR-1 determined, the calculation of the left side 
ihereoT is started. 
55 The forward calculation mechanism 22 uses 

such a conversion mechanism 220 as shown in 
Fig. 4 to convert the expression of ■he left side into 
a function fin this example, LISP function) for infer- 
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ence language. 

A result from the conversion mechanism 220 in 
Fig. 4. for the left side of the EXPR-l. can be 
expressed by the LISP function as follow: 
(/ RATED-VOLTAGE ( + MOTOR-KW 1000)) 
By providing attribute value to this function, the 
calculation result of the left side of the EXPR-1 is 
obtained as a value of the function. 

With the calculation result, the calculation 
mechanism 22 sets the result as a value of at- 
tribute of the right side of the expression. 

The right side or left side in the calculation 
mechanism 22 is distinguished according :o a list 
before or after an equality " = " in a list of one 
calculation expression, for the EXPR-1, (HATED- 
VOLTAGE/XMOTOR-KW + 1000) = INSULATION- 
RESISTANCE-LIMIT). the list before the equality 
being recognized as left side and the list after the 
equality being recognized as right side. 

When the calculation result of the EXPR-1 is 
obtained in this manner, the calculation mechanism 
22 searches for any other expression than the 
EXPR-1 which includes in its left side the attribute 
INSULATION-RESISTANCE-LIMIT of the .-ight side 
of the EXPR-1. 

Since, in this case, the EXPR-2 in Fig. 3 in- 
cludes in its left side INSULATION-RESISTANCE- 
LIMIT, the calculation mechanism 22 operates the 
EXPR-2, 

In the EXPR-2. when a value of MEASURED- 
INSULATION-RESISTANCE is input by the user, a 
calculation result can be obtained through the 
same process as that for the EXPR-1 . 

When the calculation result of the EXPR-2 is 
obtained, the calculation mechanism 22 searches 
for any other expression which has in its ieft side 
the attribute of the calculation result "ESTIMATED- 
INSULATION-RESISTANCE". If there is -.o such 
expression, the calculation mechanism 22 termi- 
nates the chain of calculation and is returned to the 
inference process according to the rules. 

In the ruled inference process, the -eductive 
inference engine 21 looks RULE {N + i} in the 
ruies-section 12, Since, although trere is 
"ESTIMATED-INSULATION-RESISTANCE" in the 
conditional portion of RULE { N + 1} , its attribute 
value has been calculated, a next processing of the 
conditional portion, that is "threshold vaue pro- 
cessing" of "IS-LESS-THAN". is performec accord- 
ing to the attribute value. 

If this threshold value is satisfied, the hypoth- 
esis DECREASE-OF-MOTOR-INSULATON-RES- 
ISTANCE (state where insulating resistance is be- 
cv/ a normal limit) of the conclusion ccrtion of 
PULE {N + 1} becomes "truth". 

In the above description of the ccrstruction 
and operation of the forward calculation r-.ade with 
-^Terence to Fig. 3. the inference process of the 



present invention is found typically in the process 
for obtaining, from the EXPR-1. the parameter 
INSULATION-RESISTANCE-LIMIT for judging 
whether or not the insulating resistance is abnor- 

5 mally decreased. That is. this example is to obtain 
a parameter featuring a fault from the expression. 

By changing content of the expression, it can 
be easily modified to describe a construction of 
fault phenomenally. 

10 For example, assuming a fault which makes 

Kirchhoff's first law unsatisfactory, the calculation 
mechanism 22 of the present invention can infer an 
existence of the fault construction in question when 
an absolute value of 6 in a preliminarily prepared 

15 expression 
E Vi = 6 

is not less than a certain value. 

Although not shown in detail, it is clear that the 
forward calculation mechanism is effective in cal- 

20 culating indices representing advantage and loss in 
plan and design problems and in executing a next 
inference on the basis of the results of calculation. 

Fig. 5 shows an activation of backward calcula- 
tion, a backward calculation chain and a citation of 

25 calculation results in the rules. Fig. 5 exemplifies a 
knowledge base of a check portion for checking in 
fault diagnosis for whether or not there is an ab- 
normality of a rotor of an induction motor. 

When there is an abnormality in a rotor of an 

30 induction motor, a vibration occurs whose frequen- 
cy (2SF) is twice a product of a source frequency F 
and a "slip" S which is a difference between a 
rotation speed of the rotor when synchronized with 
the source frequency and an actual rotation speed. 

35 The knowledge base 10 in Fig. 5 checks 

whether a measured vibration frequency is coinci- 
dent with 2SF. A construction and operation of the 
backward calculation mechanism 23 will be de- 
scribed with reference to the knowledge base 10 

40 shown in Fig. 5. 

It is assumed that the inference engine has 
been executed according to rules and the operation 
reaches RULE { N} in the rules-section 12 during a 
search of a source of fault. 

45 There is an attribute DIFFERENCE-BETWEEN- 

2SF-AND-VIBRATION-FREQUENCY in a condition- 
al portion of RULE { N} . tn order to determine an 
attribute value of this attribute, the deductive infer- 
ence engine 21 first refers to the attributes-section 
50 n to check the type of attribute. Since, in this 
case, the attribute type is CALCULATED as shown, 
the backward calculation mechanism 23 is acti- 
vated to determine the attribute value. The back- 
ward calculation mechanism 23 searches among 
55 expressions in the exoressions-section 13 for one 
having right side DiFFERENCE-BETWEEN-2SF- 
AND-VIBRATION-FREQUENCY, As a result, the 
fourth expression EXPR-4 is found. 
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Then, in order to obtain a result of -he fourth 
expression, the left side is calculated- In order to 
calculate the left side, an attribute value -hereof is 
necessary. Therefore, the attributes-section 11 is 
referred to determine the attribute value. As a re- 
sult, the attribute "VIBRATION-FREQ" is deter- 
mined in its value by means of a user input since 
the attribute type thereof is "tJSER". On the other 
hand, since the attribute type of the attribute 2SF is 
"CALCULATED", the backward calculation mecha- 
nism 23 is activated again to search for any other 
expression whose right side has the attribute 2SF. 
As a result, the third expression EXPR-3 is found in 
the expressions-section 13. 

The left side of the third expression includes 
one ("SLIP") having an attribute type CALCULAT- 
ED and a further backward calculation is per- 
formed. 

By repeating a similar backward calculation 
chain until the first expression EXPR-1 , ail attribute 
values in the backward calculation chain from the 
fourth expression to the first expression are deter- 
mined and so there is no further backward calcula- 
tion. 

The backward calculation mechanism 23 cal- 
culates the left side of the expressions irom the 
first expression in sequence by means of the con- 
version mechanism 220 shown in Fig. 4 and re- 
peats the process of setting them in values of the 
right side, resulting in the attribute value of the 
attribute described in the right side of the fourth 
expression. 

Since the attribute value on which the back- 
ward calculation mechanism 23 is activated, the 
backward calculation by the backward calculation 
mechanism 23 is terminated and returned to the 
RULE { N} by which the backward calculation 
mechanism 23 is activated. 

In RULE { N} . since the attribute value of the 
conditional portion is given, "threshold vaiue" pro- 
cessing of 'MS-LESS-THAN" shown in the con- 
ditional portion is performed. 

If the result of the backward calculation satis- 
fies this threshold value, the conclusion portion of 
RULE { N} is activated, so that POSSIBILITY-OF- 
ROTOR-ABNORMAL becomes "truth". 

In summary, according to the construction and 
operation of the backward calculation mechanism 
23 shown in Fig. 5. when there is an attribute 
naving its type "CALCULATED" in the conditional 
cortion of the rules, the backward caiculatlon is 
autonatically activated and chains the operation un- 
til the attribute value thereof is ootaineo. When the 
attribute value is obtained, it is returned to \ne 
:riginal rule and continues the inference accoraing 
:z the ruie. 

This example csanfies that the cacKY/ard cai- 
"•jiation mechanism 23 is effective m realizing the 



process of checking the construction of problem by 
referring expressions describing the fault construc- 
tion phenomenally and in finally improving accu- 
racy of inference. 
5 It is clear from the description of the example 

shown in Fig. 5 that the backward calculation 
mechanism 23 is effective in calculating the param- 
eters representing features of faults in fait diagno- 
sis or in calculating indices representing advantage 
10 and loss in design and plan problems and that it 
improves the inference capability by providing 
rules for citing these parameters and indices. 

Figs. 6 and 7 show an example of a calculation 
mechanism for the accuracy of calculation results 
75 and which is necessary for reflecting the accuracy 
of calculation results to the inference according to 
the rule in citing expressions by the forward and 
backward calculations. 

As is clear, the calculation of calculation accu- 
20 racy is performed by a method (see Rg. 7) in 
which a function for introducing the accuracy of 
calculation result upon definition (in the attributes- 
section) of the attribute accuracy cited in expres- 
sions and definition of accuracy of the expressions 
25 (see Fig. 6) is used. 

The accuracy definition of attribute cited in the 
expressions may be performed by a user when the 
type of the attribute is user input, provided that the 
technical level of the user is sufficiently high. 
30 . Although in Fig. 6 the function for intrpducing 
the accuracy of calculation results is a product of 
"INSULATION-RESISTANCE-UMIT" and 
"accuracy of expression" ( = 0.9) for simplicity of 
explanation, it is possible to use a function whose 
35 accuracy is higher. 

When the calculation accuracy is obtained by 
this mechanism, it is clear that the accuracy of 
calculation according to the expression can be re- 
flected to a calculation process of reliability of 
40 concluded phenomenon calculated conventionaily 
through a chain of inferences, by using this accu- 
racy as a reliability of conditional phenomenon in 
the inference. Therefore, in an expert system in 
which the reliability of the conclusion is important. 
45 it is possible to obtain a more accurate final- con- 
clusion by reflecting the accuracy of the calculation 
result according to the expressions to the inference 
process, and thus, the inference function is im- 
proved totally. 

50 -The attributes-section 11. the rules-section 12. 

the expressions-section 13. the deductive inference 
engine 21. the forward calculation mechanism 22 
and the. backward calculation mechanism 23 of the 
expert system according to the cresent invention 

55 are emcooied generally as mentioned below. 

The ceterminaiion of value of an attribute 
/variable) -escribed in the left side of an exores- 
sion 15 performed in the same way as -he deter- 
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mtnation of the attribute value of the conditional 
portion in the rule expression except the following 
case. 

In the rule expression, although there is a case 
v/here the attribute value is determined from a 
result of inference according to the rule, there is 
provided a case where an attribute value is deter- 
mined from a calculation result in a case of calcula- 
tion of expressions, correspondingly thereto. Al- 
though, attributes are declared in the attributes- 
section by attribute types for determining attribute 
values thereof, it is made possible in inference to 
declare the type in which the attribute value is 
determined from the calculation results, corre- 
spondingly with the declaration of the type in which 
the attribute, value Is determined from inference 
result. 

In the example shown in Fig. 3, the third term 
"calculated" in the list parenthesized in the dec- 
laration section 2 is the declaration that it is ob- 
tained from calculation result. 

When an attribute value of an arrtibute put in 
the left side of an expression is obtained in this 
manner, it becomes a calculation step for calculat- 
ing the left side. Usually, as the language describ- 
ing the dedutive inference engine 21 , a conversion 
mechanism for converting a descriptive format 
which is usually used to describe a mathematical 
expression into a format for an inference language 
such as LISP since it is impossible to use a math- 
ematical format. 

An example of this conversion mechanism is 
shown in Fig. 4 by using LISP. 

Although, in this example, only addition, sub- 
traction, multiplicaiton and division are performed 
for simplicity of explanation, cases are easily con- 
structed in which exponentials, parenthesis and 
known functions of sin, cos are used. 

Next, a mechanism for chaining expressions in 
such a way that a calculation result is used a left 
side of another expression and so on is provided. 

The mechanism is provided with a forward and 
backward calculation mechanism which uses an 
algorithm corresponding to forward and backward 
inferences of a production system. 

The foward calculation mechanism 22 serves 
to obtain a value of an attribute of a left side of an 
expression, first, and then performs a calculation, a 
result of which is used as a value of a right side 
thereof- 

The backwaro calculation mechanism 23 goes 
back and performs calculations of expressions ac- 
cording to an algorithm corresponding to the back- 
.vard inrerence. in a case v/here. v/hen. during an 
execution of rules-section for decuctive inference, a 
5C9ciftc rule '3 activated, there is. in attributes 
-eferring in the conditional portion of rule, an at- 
f'bute v/hose vaiue is obtained from a calculation 



result in an expressions section, or there is an 
attribute in attributes placed in the left side of the 
expression whose value is obtained from a calcula- 
tion result of a different expression. 

5 The forward calculation mechanism 22 is used 

for chaining forward calculations and the backward 
calculation mechanism 23 is used for chaining 
backward calculations. 

The chain of forward calculations is repeated 

70 until attributes already calculated cannot be found 
in other expressions. The backward inference chain 
is repeated until there is no attribute in the right 
side which is obtained from a calculation result of 
another expression. 

;5 The descriptions in the inference engines of 

the forward calculation mechanism 22 and the 
backward calculation mechanism 23 can be re- 
alized for those corresponding to the inference 
according to rules of the conventional expert sys- 

20 tern except the expression conversion processing 
portion. 

The activation of the forward calculation is per- 
formed by a function whose argument is the num- 
ber of the expression for starting the calculation 
26 chain of the conclusion portion of the rule expres- 
sion as shown by "CHECK EXPR-1" in Fig. 3 (in 
the shown example. "CHECK"). 

After the forward calculation chain is termi- 
nated, there is escape from the expressions section 
30 13 to look for the next rule to that by which the 
forward calculation is activated. 

The backward calculation is activated to obtain' 
an attribute value when, during an execution of 
inference according to rule, there is an attribute in 
35 attributes being referred by the conditional portion 
of the rule which has an attribute value to be 
obtained from a calculation result in the 
expressions-section 13, that is. when, in the exam- 
ple shown in Fig. 5, there is an attribute in the 
40 attribute being referred by the conditional portion of 
the rule which has an attribute type declared as 
"CALCULATED" in the attributes- section 11. 

When the chain of backward calculations termi- 
nates and the value of attribute by which the back- 
us ward calculation is activated is obtained, the opera- 
tion is escaped from the expressions-section 13 
and is returned to the rule by which the backward 
calculation is activated. 

In an inference process in which reliability of 
50 inference is important, it is necessary, in addition to 
the processing of reliability in the inference pro- 
cess according to rule, to reflect an evaluation of 
accuracy of a result obtained in the calculation 
process in the expressions-section 13 to the re- 
55 liability of a conclusion of inference according to 
rule. 

In sucn case, in the expression calculation pro- 
cess, it is necessary to aefine the accuracy of an 
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expression itself together with accuracy of at- 
tributes cited for calculation, that is, accuracy of 
measured data or reliability of search data. etc.. as 
shown in Fig. 6. For the estinnated vaiue of char- 
acteristics or parameter obtained as a result of a 
certain phenomenon, an analysis mode! is as- 
sumed tacitly and the accuracy of expression is 
caused by an approximation of the analysis model 
to a real phenomenon . 

The accuracy of attribute which is caused by 
calculation can be derived by the deductive infer- 
ence engine 21 from the knowledge base 10 by 
defining it additionally to respective expressions as 
shown in Fig. 6. 

By preparing a function such as shown in Fig. 
7 which has. as arguments, the accuracy of at- 
tribute derived and accuracy of expression, it is 
possible to obtain the accuracy of the calculation 
result. It should be noted that Fig. 7 is described 
with the inference language LISP. 

In a case where an operation Is executed by a 
chain of forward calculations while evaluating the 
calculation accuracy, the every termination of ex- 
pression is checked for whether or not the calcula- 
tion accuracy reaches a threshold value. If it does 
not reach the threshold value, calculation is inter- 
rupted and operation is returned to the rules-sec- 
tion 12. so that inference according to rules can be 
restarted. 

In this case, the calculation result which does 
not reach the predetermined accuracy is made not 
a value of accuracy but a value "NIL" so that it can 
be clarified that the calculation result was not ob- 
tained. 

Furthermore, by making a result of another 
expression whose left side uses the anribute whose 
calculation result was not obtained, also "NIL", it is 
possible to make the results of forward calculation 
chain "NIL" successively, with the final calculation 
result of the chain being "NIL". 

Since the conditional portion of rule which uses 
the final calculation result is returned to "NIL" by 
this process, the conditional portion of the rule 
corresponding to the calculation result becomes 
unsatisfactory, so that the fact that calculation re- 
sult was not obtained is reflected to the inference 
according to rule. 

With such a mechanism, it is possible to re- 
alize an inference process which more closely ap- 
proximates that of an expert and, by eliminating 
meaningless low accuracy calcuiaticps, the effi- 
ciency of inference processing can be improved. 

in a case where, during the execution of back- 
7/ard calculation chain, there is an aUnbute wincse 
accuracy of attribute value is lev/ arc where ine 
accuracy of the calculation result tc ze evaiuaied 
does not reach a necessary level aeiined prelimi- 
narily in the knov/ledge base even an error of 



another attribute value in a left sice of an expres- 
sion including the attribute is zero, it is possible to 
make the calculation result NIL and to interrupt the 
backward calculation. 

5 Furthermore, by making all results of other 

expressions using the attribute having NIL calcula- 
tion result NIL, it is possible to make the con- 
ditional portion of the corresponding portion of the 
rule by which the backward calculation is activated 

7 0 unsatisfactory so that the fact that the accuracy of 
attribute to be obtained is lowered by the existence 
of data whose accuracy is low can be reflected in 
the rule. 

With such a mechanism, an inference process 
15 which more closely approximates the expert can be 
obtained and, by eliminating low accuracy and 
meaningless calculations, the efficiency of infer- 
ence processing can be improved. 

As a modificaiton of description of expression. 
20 the following means is prepared. 

When attribute name is- determined by taking 
an actualization of knowledge into consideration, 
the order of calculation of expression, etc.. may 
become unclear because the number of characters 
25 of the attribute name is large. 

in order to solve this problem, it may be possi- 
ble to describe an expression with a temporary 
attribute name whose number of characters is 
small and provide a portion describing a relation 
30 between the temporary attribute name and the 
original name whose number of character is large 
inevitably to description portion of the expression. 
In such case, the original long attribute name is 
declared in the attributes-section 11. Furthermore. 
35 on the side of the deductive inference engine 21. a 
process is added by which the relation between the 
temporal name and the original name is referred so 
that an expression using the original attribute name 
is produced internally. 
40 The EXPR-1 in Fig. 3 can be rewritten accord- 

ing to the above mentioned scheme as follows: 
(EXPR-1 

(V/(KW 1000) = Ri - -imit)) 
(WHERE(V :RATED-VOLTAGE) 
45 (KW :MOTOR-KW) 

(Ri - limit :INSULATION-RESISTANCE - LIMIT)) 
Since the left side of the above expression is a 
standardized limit of insulating resistance according 
to domestic and foreign standards of electric ma- 

50 chine, the temporary name is described using sym- 
bols used in these standards. 

By describing temporary attribute names used 
in expression v/ith known symbols used in stan- 
daros. handbooks, or known text bcoks, etc., and 

~£ attecning meanings ihereof next, the ability of ex- 
pression IS further improved. 

•n order lo clanfy knowledge description of the 
calculation formuia. :he following means is cro- 



9 



17 



EP 0 415 168 A2 



18 



vided. 

Since the attribute values used in a calculation 
usually have units when the calculation is for tech- 
nical calculation or the calculation is evaluation of 
efficiency and/or loss, etc., the values cannot be 
determined without their units. 

Therefore, the attributes-section 1 1 is made 
capable of declaring units for attributes to be used 
in the calculation. 

The unit declaration is possible by adding a 
unit description to a list of attributes such as follow: 
For EXPR-1 in Rg. 3. for example. 
(RATED-VOLTAGE REAL USER "VOLT") 
(MOTOR-KW REAL "KW") 

(INSULATION-RESISTANCE-LIMIT REAL CALCU- 
LATED ("MEG-OHM" •^Mn ")) 

The third example above is one in which a 
plurality of descriptions are recognized by this 
knowledge for identical unit. 

With such unit declaration, the meaning of cal- 
culation formula as knowledge becomes more 
clear, and clarifies a difference from calculation 
procedure program with conventional language. 

For a calculation processing as the deductive 
inference engine 21, the unit declaration (standard) 
has the following merits and improves diagonostic 
capability to a user. 

(1) When a user inputs numerical values, a unit 
confirmation message is automatically output. 

(2) Units can be automatically added at an ex- 
planation of calculation result as one of the 
inference explanation mechanism, 

(3) By preparing an inference engine such that a 
user is asked for not only numerical values but 
also their units, it is possible to more closely 
approximate "Q AND A" ( = QUESTION AND 
ANSWER) to the inference engine to a real one. 

When the user can input units, it is necessary 
to define a plurality of descriptions for an identical 
content, such as in the third example above. 

In such case, although there is no meaning in 
clarifying calculation formula, the conversation abil- 
ity between the engine and the user is improved 
with the merits (1) to (3). 

. In order to make the meanings of calculation 
formula as knowledge description more clear, the 
following means is prepared. 

For the technical calculation or evaluation of 
efficiency and loss, etc., the value of the attribute 
to be used in calculation is tacitly assumed as 
fallen within a certain range. A value outside this 
range can be interpreted as that it has v/rong unit 
or the meaning of its attribute is erroneously inter- 
preted. Therefore, -he "value within a certain 
range" is considered as a portion of the knowledge 
of :he calculation formuia. Thus, in the attribute 
ceclaration. a description irefining the above range 
is Drovided. 



It is possible by adding the above range in the 
attribute list Such addition may be performed in 
such various ways as fol!ov/s: 

(1) (RATED-VOLTAGE REAL USER "Volt" 
5 ("MIN = "220 "MAX "1200)) 

(2) (MEASURED-INSULATION-RESISTANCE 
REAL USER "MEG-OHM" (TYPICAL" 1.0)) 

(1) is to define the range and (2) is to show a 
typical value thereof which is added to the attribute 

10 list or included in the inference engine to define an 
upper and a lower limits thereof by "ratio" or 
"difference" therebetween. 

The typical value means an average value 
(expected value) when its attribute has a normal 

;5 distribution between the upper and the lower limits 
or a value the possibility of occurence of which is 
highest for other distributions. 

In the field of design and plan problem and 
fault diagnosis etc., in which the value of attribute 

20 is important, not only the conventionally-used 
"DEFAULT VALUE KNOWLEDGE" but also 
"RANGE THE ATTRIBUTE VALUE CAN TAKE" 
are important knowledge in that field. 

According to the above mentioned method, 

25 "RANGE OF THE ATTRIBUTE VALUE CAN 
TAKE" is easily described and attributes to an 
improvement of description ability of knowledge in 
the special field. 

Wheri an input value input by the user is out of 

30 this range, it is possible to construct the inference 
engine such that a suitable message is output to 
recommend the user to input again. With this, the 
number of rules can be minimized and the cer- 
tainty of inference can be improved. 

35 Dependent upon calculation process environ- 

ment in software and/or hardware, there may be a 
case where economical pressure caused by re- 
construction of inference engine for realizing the 
effect of the present invention becomes more im- 

40 portant than the problems of increase of processing 
time and complicated construction of the inference 
engine. 

In such case, although the problems of pro- 
cessing time and complicated construciton are not 

45 solved, it is possible to reconstruct the inference 
engine by merely adding the following construction 
to the existing inference engine. 

That is, there are provided two knowledge 
bases describing identical content with different 

50 description formats. One of them serves as 
"External knowledge base" to which a designer 
and a user of the knowledge bases can contact 
directly and uses a description format character- 
ized by having the same "deductive inference sec- 

55 tion". "expressions-section" and "attributes-sec- 
tion" as those mentioned previously and the other 
uses the existing description format including, for 
example, "frame" and "deductive inference en- 
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gine" as an "internal knowledge base" internally 
automatically produced for execution cf inference 
process by the inference engine. 

In this case, it is possible to add. to the exist- 
ing Inference engine, a mechanism (a kind of trans- 
lation mechanism) for automatically converting the 
description format of "external knowledge base" 
into that of "Internal knowledge base". 

In such a case, since the combination of the 
automatic format conversion mechanism and the 
existing inference engine performs the operation of 
the present invention mentioned previously and, for 
the knowledge base designer or the user who 
directly contact with only the "external knowledge", 
the sinference engine construction seems to exist, 
the object of the present invention except the prob- 
lems of processing time and complexity of con- 
struction can be achieved by this modified con- 
struction. 

With the simple and clear construction accord- 
ing to the present invention, a calculation process 
of intermediate indices of efficiency and loss of 
design and plan which is performed by using sev- 
eral formula in a chain during deductive inference, 
check the process of phenomenal structure in fault 
detection and calculation process of parameters 
representing the features of fault are performed 
efficiently by only the inference engine. 

Furthermore, since the expressions-section can 
describe attributes not by symbols but by clear 
words or sentences, the knowledge description 
ability of the calculation formula itself is improved 
compared with description with conventional proce- 
dure language such as FORTRAN, in the sense 
that meaning expressed by calculation formula is 
clarified phenomenaiy. 

Since the expressions-section is a kind of col- 
lection of formulae whose description format is 
approximated to memory format of an expert or 
description format technical materials, a knowledge 
engineer can easily obtain knowledge and a spe- 
cialist can easily produce a knowledge base by 
himself, so that the adaptation of the expert system 
is improved. 

Since the attributes-section uses description 
format close to a list of technical term deriinitions 
used in technical articles including thesis and stan- 
dard, etc.. by those specialists, a knowledge en- 
gineer can also easily obtain knowledge and a 
specialist can easily produce knowledge base by 
himself. Therefore, the adaptation of expert system 
;s improved. 

With these advantages, it is possible to im- 
prove the inference engine of expert system and to 
rriDrcve knowledge description ability ci knowledge 
base tnerefor. resulting in a further irr.orovement or 
problem solving ability in design, planning prob- 
lems anc aiagncsis problems, etc. 



Claims 

1. An industrial expert system for use in designing 
a plant system or devices thereof and in fault 

5 detection, comprising a knowledge base (10) in- 
cluding a rules-section (12) for describing deduc- 
tive inference rules, an expressions-section (13) for 
describing a calculation formula of equality with 
either a right side or left side being a simple term 

10 having a value and the other side being polynomial 
including known functions and an attributes-section 
(11) for declaring the nature and value of each of 
attributes cited in calculation and inference and for 
declaring parameters for controlling communication 

75 between a process of deductive inference and a 
calculation process according to calculation for- 
mula; and a deductive inference engine (21) for 
performing a deductive inference on the basis of 
the rules, calculation formulae and the attributes 

20 stored in said knowledge base. 

2. The system claimed in claim l, further compris- 
ing a forward calculation mechanism (22) for ob- 
taining a calculation result of values of the respec- 
tive attributes cited in said polynomial, and a back- 

25 ward calculation mechanism (23) for searching 
back to a calculation formula when a calculation 
result of said calculation formula becomes neces- 
sary during an execution of deductive inference 
and for calculating said polynomial thereof to ob- 

30 tain the result. 

3. The system claimed in claim 2, wherein a plural- 
ity of calculation formulae are described in parallel 
In said expressions-section and, when an attribute 
obtained as a result of calculation of one of said 

35 calculation formulae is included in said polynomial 
of another calculation formula in said section, an 
execution of a chain of forward calculations is 
made possible by obtaining the caiculation results 
of all of said calculation formulae having polynomi- 

40 als including said attribute. 

4. The system ciaimed in claim 2. wherein a plural- 
ity of calculation formulae are described in parallel 
in said expressions-section and when, during a 
calculation of said polynomial of one of said cai- 

-^5 culatlon formulae, an attribute value to be obtained 
from a calculation result of said one calculation 
formula becomes necessary and. in order to obtain 
said attribute value, a backward calculation is per- 
formed by calculation of said polynomial or said 

50 calculation formula and when at least one of at- 
tributes in said polynomials is given as a calcula- 
tion result of another calculation formuia in said 
axpressions-section. an execution of a backward 
calculation chain is enabled by activating tne back- 

55 .vard calculation for all attributes obtainable from 
said other calculation rormula. 

5. The system claimeo in ciaim 2. -vnerain a pro- 
cess of forward calculation chain is aciivaied by a 
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processing of a deductive inference chain by de- 
scribing, in a conclusion portion of a rule describ- 
ing a deductive inference, a function by which a 
chain of calculations is activated from a calculation 
formula assigned by an argument corresponding to 
the number of said calculation formula and 
wherein, after said forward calculation chain com- 
pletes, it is returned to the process of deductive 
Inference chain by inferring another rule next to 
said rule by which said forward calculation was 
activated. 

6- The system claimed in claim 2. further compris- 
ing a section for declaring attribute types of all 
attributes cited in said deductive inference and 
formula calculation processes as having attribute 
values input by a user, obtained from an inference 
as well as from a calculation result of said calcula- 
tion formula, and wherein, in attribute type check 
process in obtaining attribute values of said at- 
tributes cited in a conditional portion of the deduc- 
tive inference, the backward calculation chain is 
activated when it is one to be defined by calcula- 
tion result- 

1. The system claimed in claim 2, wherein a pro- 
cess for obtaining an accuracy of a calculation 
result by defining accuracy of attribute value of 
attributes cited in said calculation formulae in said 
polynomial, which is based on the accuracy of 
measurement or check, by said attributes-section 
or user input, etc., and defining additionally ap- 
proximations to truth phenomenon or observation 
as accuracy of said calculation formula to said 
respective calculation formulae and by executing a 
constant function having arguments corresponding 
to an accuracy of said attribute and accuracy of 
calculation formula is executed additionally to the 
process for obtaining the calculation result itself, so 
that the accuracy of a calculation result is reflected 
to a certainty of conclusion of the rule citing the 
calculation result. 

8. The system claimed in claim' 7, further compris- 
ing a mechanism for checking, at every time when 
a calculation result is obtained for one of said 
calculation formulae during an execution of the 
forward calculation chain, whether or not said cal- 
culation result satisfies an accuracy necessary in 
inference, and for interrupting said calculation chain 
and returning to the deductive inference process 
when said calculation result does not satisfy said 
necessary accuracy. 

9. The system claimed in claim 8, v/herein, when 
said check mechanism decides that said calcula- 
tion result does not satisfy said necessary accu- 
racy, during an execution of backward calculation 
;hain, if there is attribute having lov/ accuracy in 
attributes inputted by the user or cited from internal 
5nd external data bases of the knowledge base, the 
backward calculation chain is interrupted even if 



other attributes cited in that calculation chain have 
ideal accuracy and returns to the deductive infer- 
ence process, 

10. The system claimed in claim 1. further com- 
5 prising a portion for defining a unit of a value of 
attribute cited in calculation and a range in which 
the value is fallen, to make a background knowl- 
edge of calculation formula clearer and to enable 
an arbitrary automatic display of its unit. 
70 11. The system claimed in claim 1. wherein there 
are provided two knowledge bases describing iden- 
tical content with different description formats* one 
of them serving as external knowledge base to 
which a designer and a user of the knowledge 
;5 bases can contact directly and the other serving as 
internal knowledge base and furhter comprising, in 
said inference engine, a mechanism for automati- 
cally converting the description format of said one 
knowledge base into that of said other knowledge. 
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( DEFUN EXPR-CAL () 
( SETQ V (TERM) ) 
( LOOP 
( COND 

( ( OR ( EQUAL CHAR ' + ) ( EQUAL CHAR' - ) ) 
(SETQ V ( LIST CHAR V ( TERM)) 

)• 

(T (RETURN V) ) ) ) ) 



(DEFUN TERM () 
( SETQ V ( FACTOR ) ) 
(LOOP 
(COND 

{ ( OR ( EQUAL CHAR' X ) ( EQUAL CHAR' / ) ) 
(SETQ V ( LIST CHAR V (FACTOR))) 

) 

(T(RETURN V) ) ) ) 

( DEFUN FACTOR () 
( NEXT) 

( COND ( ( SYMBOLP CHAR ) 

( SETQ X CHAR ) { NEXT ) ( RETURN X ) ) 
( T ( PRINC" error " ) ) ) ) 

( DEFUN NEXT () 
( SETQ EXPR ( CDR EXPR ) ) 
( SETQ CHAR ( CAR EXPR ) ) 
( RETURN CHAR ) ) 
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@ Industrial expert system. 



@ An industrial expert system for use in designing 
a plant system or devices thereof and in fault detec- 
tion, comprises a knowledge base (10) including a 
rules-section (12) for describing deductive inference 
rules, an expressions-section (13) for describing a 
calculation formula of equality with either a right side 
or left side being a simple term having a value and 
the other side being polynomial including known 
functions and an attributes-section (11) for declaring 
nature and value of each of attributes cited in cal- 
culation and inference and for declaring parameters 
for controlling communicaiton between a process of 



deductive inference and a calculation process ac- 
cording to calculation formula and a deductive infer- 
ence engine for performing a deductive inference on 
the basis of the rules, calculation formulae and the 
attributes stored in the knowledge base. This system 
uses a simple construction ot efficiently perform 
detection of fault logic by using specific formula or 
calculation of parameters representing features of a 
fault which are to be performed during an inference 
and which are impossible by conventional inference 
engine. 
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